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Abstract. Conflict resolution is a classic field of Social Science research. 
However, with conflicts now also emerging in virtual environments, a new field 
of research has been developing in which Artificial Intelligence and particularly 
Ambient Intelligence are interesting. As result, the field of Online Dispute 
Resolution emerged as the use (in part or entirely) of technological tools to 
solve disputes. In this paper we focus on developing conflict resolution models 
that are able to adapt strategies in real time according to changes in the personal 
conflict styles of the parties. To do it we follow a novel approach in which an 
intelligent environment supports the lifecycle of the conflict resolution model 
with the provision of important context knowledge. The presented framework is 
able to react to important changes in the context of interaction, resulting in a 
conflict resolution approach that is able to perceive the parties and consequently 
achieve better outcomes.  
Keywords: Online Dispute Resolution, Intelligent Environments, Conflict 
Styles, Profiling. 
1   Introduction 
The topic of conflict resolution is a quite classic and old one, as old as conflicts 
themselves. Conflicts are natural and emerge as a consequence of our complex 
society, in which individuals focus on the maximization of the own gain, sometimes 
disregarding the other’s rights. A conflict can be seen as an opposition of interests or 
values which, in a certain way, disturbs or blocks an action or a decision making 
process. Consequently, in order for the action to be carried out, the conflict has to be 
solved first [1]. The concept of conflict and its resolution has traditionally been 
addressed by Social Science, although in the last decades Information Science also 
stepped in. The intersection of these two fields is of great interest as it combines all 
the established theory about conflict resolution with new methodologies and support 
tools.  
Moreover, we must consider that nowadays most of the conflicts are generated in 
virtual settings, most of the times supported by an electronic contract. However, very 
few tools exist to settle conflicts inside their context. As a consequence, conflicting 
parties have to resort to traditional conflict resolution methods, throwing away 
significant advantages of the technological environments. The use of technology to 
develop tools that can support the conflict resolution process, together with the 
creation of virtual environments for that purpose, is thus of interest. Moreover, Pitt et 
al. address the issue of the costs of conflicts and the need for alternatives to traditional 
litigation in court [2]. In particular, the authors argue that litigation is a slow and 
costly process which may have a special impact on the business of companies and 
governments. The potential for appeals also adds to the amount of delay and cost. 
The work described in this paper is framed in this context. Specifically, after 
analyzing the current state of the art of conflict resolution platforms, we concluded 
that most of the processes are static and make no use of context information. In that 
sense, we are developing a new approach, in line with the concept of Ambient 
Intelligence. Our aim is to develop conflict resolution methods that make use of 
context information to adapt strategies in real time, in order to more efficiently 
achieve satisfactory outcomes. This information may include the conflict style of the 
parties, the level of escalation, their attitude or even the emotional state. In order to 
implement a framework able to encompass this kind of information, we are following 
an approach in line with the concept of Intelligent Environments, in which an 
intelligent environment supports the conflict resolution platform with context 
information, as envisioned by [3]. In this work we take into consideration the work of 
Lewiki et al. [5] and Goldberg et al. [6] on the dynamics and processes of conflict 
resolution, and the work of Raiffa [7] on decision theory and negotiation analysis.  
1.1   Alternative Dispute Resolution 
Alternative Dispute Resolution refers to mechanisms that aim to solve disputes 
without recurring to the traditional judicial process, i.e. litigation in courts. This 
already traditional approach includes mechanisms such as negotiation, mediation or 
arbitration. Online Dispute Resolution (ODR) [4], on the other hand, refers to the use 
of these mechanisms in a technological context, either supported by technology or 
under a virtual computational environment.  
Negotiation [7] is a collaborative and informal process by means of which parties 
communicate and, without external influence, try to achieve an outcome that can 
satisfy both. Negotiation is widely used in the most different fields, including legal 
proceedings, divorces, parental disputes or even hostage situations. From the 
perspective of Walton and McKersie [8], negotiation can be classified as being 
distributive or integrative, being integrative negotiation more desirable than 
distributive. Another collaborative form of conflict resolution is mediation [9]. Here, 
parties in dispute are guided by a 3rd neutral and independent entity who tries to guide 
the process to an outcome that may satisfy both disputing parties. In this approach, as 
in negotiation, parties decide about the outcome instead of it being imposed by the 
nonaligned one, although using its assistance. The nonaligned is chosen by the parties 
and has no authority for deciding on the outcome of the dispute but only for guiding 
and assisting them throughout it. Finally, we can also mention arbitration [10], a 
method in which the two parties also use the help of a 3rd independent and neutral 
entity for solving a dispute but. However, this entity has no active role on helping the 
parties throughout the whole process. Instead, the arbitrator simply hears the parties 
and, based on the facts presented, takes a decision without influencing the parties 
during their presentations. Traditionally, the outcome of an arbitration process is 
binding, i.e., there is a final enforceable award that the parties will respect. However, 
arbitration can also be non-binding.  
With the technological evolution new needs appeared in the field of conflict 
resolution, especially due to the new forms of dispute caused essentially by electronic 
contracting. New ways to solve disputes are hence appearing, so that the disputant 
parties neither need to travel nor to meet in courtrooms or in front of arbitrators or 
mediators. Different forms or methods of alternative dispute resolution for electronic 
environments have been pointed out by legal doctrine. As a result, we can now speak 
of Online Dispute Resolution as any method of dispute resolution in which wholly or 
partially an open or closed network is used as a virtual location to solve a dispute [4]. 
From a technological point of view, a relevant issue is to determine in what way 
and to what point traditional mechanisms can be transplanted or adapted to the new 
telematic environments, taking advantage of all the resources made available by the 
newest information and communication technologies, namely Artificial Intelligence 
models and techniques that include but are not limited to Argumentation, Game 
Theory, Heuristics, Intelligent Agents and Group Decision Systems, as described by 
Peruginelli and Chiti [11] and Lodder and Thiessen [12]. Moreover, contrary to 
previous approaches, in Online Dispute Resolution it must be considered not only the 
disputant parties and the eventual third party but also what Ethan Katsh and Janet 
Rifkin call the fourth party, i.e., the technological elements involved.  
The ultimate goal of AI research in this field is to accomplish a technological 
threshold, resulting in computational systems that are indeed the 3rd party. In this 
sweeping approach, there is no major human intervention on the outcome or in 
guiding the parties to a specific situation. There is, on the other hand, a computational 
system that performs that major role. This is usually known as an electronic mediator 
or arbitrator. This is evidently the most challenging approach to follow as 
computational systems that implement the cognitive capabilities of a Human expert 
are not easy to accomplish, especially if we include the ability to perceive the 
emotions and desires of the parties involved.  
Depending on the importance of the role that computer systems play on ODR 
systems, they can be categorized as first or second generation [11]. While in first 
generation ODR systems technology is a mere tool and has no autonomy, second 
generation ODR systems are essentially defined by a more autonomous and effective 
use of technical tools. For the implementation of such services, one can look at fields 
as diverse as Artificial Intelligence, Mathematics or Philosophy. In the intersection of 
these fields one can find a range of technologies that will significantly empower the 
previous generation of ODR tools, namely Artificial Neural Networks, software 
agents, Case-based Reasoning mechanisms, methods for Knowledge Representation 
and Reasoning, Argumentation, Learning, and Negotiation. Thus, we move forward 
from a paradigm in which reactive communication tools are used by parties to share 
information, to an immersive intelligent environment [3] which proactively supports 
the lifecycle of the conflict resolution mechanism with important knowledge.  
1.2   Important Knowledge 
The ideal dispute resolution process is one in which the two parties are better at the 
end than they were at the beginning. Unfortunately, not all disputes have such 
conclusion. In order to improve this, we believe that it is of ultimate importance to: 
(1) provide the parties with important knowledge about the dispute and (2) potentiate 
the role of the parties throughout all the process. In fact, parties that have poor access 
to important information generally make bad choices or, at least, they hardly make the 
best ones.  
An important step on the development of conflict resolution mechanisms is thus to 
identify the knowledge that is meaningful for the parties, according to the legal 
domain of the dispute. In a first instance, it would be interesting for a party to 
determine to which extent is it reasonable to engage in a dispute resolution process. 
That is, are there any significant advantages against litigation? This question can be 
analyzed from several points of view. On the one hand, alternative dispute resolution 
processes are generally faster, cheaper, more private and personalized [9]. There is 
however another important factor: the possible outcome reached through each of the 
processes. That is, will I reach a better outcome using an alternative dispute resolution 
process instead of litigation?  
It would be really important for each party to know its BATNA - Best Alternative 
to a Negotiated Agreement, or the possible best outcome “along a particular path if I 
try to get my interests satisfied in a way that does not require negotiation with the 
other party” [13]. A party should then understand the notion of a BATNA and what 
role it should play in ODR. Doing so will, at least, contribute to the acknowledgement 
that an agreement may be disadvantageous [14]. In fact, the position of the parties 
may become much more unclear if they are not foreseeing the possible results in case 
the negotiation / mediation fails. As stated by [6], if you are unaware of what results 
you could obtain if the negotiations are unsuccessful, you run the risk of entering into 
an agreement that you would be better off rejecting or rejecting an agreement that you 
would be better off entering into. That is to say, the parties, by determining their 
BATNA, would on one side become better protected against agreements that should 
be rejected and, on the other side, be in a better condition to reach an agreement that 
better satisfy their interests [15].  But, besides that, a BATNA may play additional 
interesting features for the parties. For instance, it may be used as a way to put 
pressure on the other party, especially in dispute resolution procedures allowing the 
choice of going to court [15].  
However, the use of the BATNA alone is not enough to take informed decisions as 
parties often tend to develop an overly optimistic view on their chances in disputes 
[15]. This may lead parties to calculate unrealistic BATNAs, which will influence 
later decisions, leading them reject generous offers from the other parties or to stand 
stubbornly fixed in some unrealistic positions [15]. It is thus important to also 
consider the other side of the coin, embodied by the concept of WATNA, or the 
Worst Alternative to a Negotiated Agreement [13, 16, 17]. A WATNA intends to 
estimate the worst possible outcome along a litigation path. It can be important in the 
calculation of the real risks that parties will face in a judicially determined litigation, 
imagining the worst possible outcome for the party. Considering both these concepts, 
a party would be aware of the best and worst scenario if the dispute is to be solved in 
a court.  
This helps establish two important boundaries. However, it could also be 
interesting to consider the whole space between the BATNA and WATNA as a useful 
element to be taken into account before making or accepting proposals. Indeed, the 
less space there is between the BATNA and the WATNA, the less dangerous it 
becomes for the party not to accept the agreement (unless, of course, their BATNA is 
really disadvantageous). On the other hand, a wider space between the BATNA and 
the WATNA would usually mean that it can become rather dangerous for the party 
not to accept the ODR agreement (except in situations when the WATNA is really not 
inconvenient at all for the party). We can thus argue that the knowledge about the 
space between the BATNA and the WATNA is also very important. This space is 
evidently related to the Zone of Possible Agreement proposed by Raiffa [18]. 
More than that, it would also be interesting for a party to be aware of the region of 
this space in which an outcome is more likely. That is, if the parties are to solve the 
dispute through litigation, what is the most likely outcome? In fact, sticking only with 
the BATNA and WATNA may be unrealistic as these are usually not the most likely 
outcomes but merely informative boundary values. Thus, an informed party should 
also consider the MLATNA – Most Likely Alternative to a Negotiated Agreement 
[17]. Following the same line of thought, we can additionally state that the existence 
of metrics that measure the probability of each possible outcome could also be 
extremely useful for a party in an attempt to understand how likely each scenario is 
[22].  
2   Conflict Resolution Styles 
In alternative conflict resolution processes in which humans have a preponderant role, 
specifically in negotiation and mediation, the style of dealing with the conflict of each 
party will certainly influence the course of action and, consequently, the outcome. On 
the process of developing conflict resolution mechanisms one should thus regard 
personal conflict styles as key information. Kenneth Thomas and Ralph Kilmann 
formalized the way we respond to conflict situations into five different modes in 
terms of individual’s assertiveness and cooperativeness [19]. In this context, 
assertiveness denotes the extent to which the person attempts to satisfy his/her own 
interests while cooperativeness denotes the extent to which the person attempts to 
satisfy the other person's interests. The conflict styles are:  
 
 Competing - This is an uncooperative style by means of which an individual 
aims at maximizing his/her own gain at the other’s expenses. This is a 
power-oriented style in which an individual will use whatever power seems 
appropriate to win his/her position (e.g. ability to argue, rank, economic 
sanctions); 
 Accommodating – This style is the opposite of competing, i.e., it is 
cooperative. When an individual shows an accommodating behavior, he/she 
neglects his/her own gain to maximize the gain of the other. Under this 
behavior one founds an element of self-sacrifice. Accommodating includes 
well-known behaviors such as selfless generosity or charity, obeying another 
individual's order when we may prefer not to do so or accepting another's 
point of view; 
 Avoiding - The individual that shows an avoiding style of conflict tries to 
satisfy neither his/her own interests nor those of the other individual. It can 
be said that he/she is not dealing with the conflict. This style may be 
evidenced by behaviors such as diplomatically sidestepping an issue, 
postponing an issue until a better opportunity arises, or simply withdrawing 
from a threatening situation; 
 Collaborating – This cooperative style is the complete opposite of avoiding. 
When an individual collaborates, he/she attempts to work with the other 
party to find some solution that fully satisfies the interests of both parties. In 
this process, the individual explores an issue to discover the underlying 
desires and fears of the two individuals. An individual that is collaborating 
might try to explore a disagreement to learn from other's insights; 
 Compromising – When an individual has a compromising style of dealing 
with a conflict, he/she tries to find some expedient, mutually acceptable 
solution that can partially satisfy both parties. This style is somewhat an 
intermediate one between competing and accommodating. Generally, 
compromising can mean splitting the differences between the two positions, 
exchanging concessions, or seeking a quick middle-ground solution. 
 
Whether it is because of past experiences or because of our temperament, each of 
us is capable of using all of these conflict-handling styles. Moreover, none of us can 
be characterized as having one single style of dealing with a conflict. Nevertheless, 
certain individuals rely on some modes more than others and, therefore tend to use 
them more often. From the point of view of a mediator and even from the point of 
view of a conflict resolution platform, it is important to determine the parties’ conflict 
style in an attempt to define how each party will be affected by a given issue. Once 
the conflict styles are identified, strategies can be implemented that aim at improving 
the success rate of the conflict resolution process. Namely, we are interesting in 
developing dynamic processes that adapt strategies based on changes on the conflict 
styles of the parties. For instance, it is usual for parties to show an avoiding conflict 
style at the beginning of the process. However, they tend to gradually advance into a 
more cooperative style. When the conflict resolution platform detects these changes, it 
may start proposing more “audacious” outcomes since parties will more likely accept 
them. 
3   UMCourt 
The work described in this paper is being developed in the context of the TIARAC 
project – Telematics and Artificial Intelligence in Alternative Conflict Resolution. In 
that sense, a conflict resolution platform is being developed in which these ideas are 
being applied: the UMCourt. UMCourt is an agent-based conflict resolution platform 
that implements two high level functionalities. On the one hand, there is a significant 
focus on the building and provision of useful knowledge that allows both parties and 
platform to take better decisions. On the other hand, in UMCourt we are researching 
novel approaches to negotiation and mediation, in line with the concept of intelligent 
environments. In that sense, our objective is to develop environments able to provide 
the conflict resolution platform with important information including the level of 
stress of the parties, the conflict style or even the emotional state. In this section we 
focus on the issue of the compilation of important knowledge. The actual architecture 
of UMCourt will not be depicted here as that has already been done in previous work 
[20, 21]. The dynamic nature of the conflict resolution will be detailed in the 
following sections. 
3.1   Building Important Knowledge 
There is a whole set of knowledge that parties in conflict may use in order to take 
better and more informed decisions, as addressed before. Under the framework of the 
TIARAC project we are developing methods for compiling this kind of knowledge. 
Considering the BATNA and the WATNA, its estimation is usually well defined in 
the rulings of The Law, in the form of norms. These norms can be implemented in 
rule-based systems, which efficiently determine, according to the characteristics of 
the case under evaluation, the legal boundaries of the outcome. As an example of the 
drawing on of such rules, it is presented below a listing of Def_Rule 396, an abstract 
description of the procedures that allow the computation of the BATNA and WATNA 
for the Portuguese Labor Law, as it is stated in Decree of Law (DL) 7/2009 
(Portuguese Laws). This simplified rule considers only the case in which a worker 
ends the contract with a just cause.  
 
Def_Rule 396 
if RULE_394 then 
     WATNA := 3 * (M_SALARY + SENIORITY) 
  if TEMPORARY_CONTRACT then 
     if WATNA < M_REMAINING *(M_SALARY + SENIORITY) 
then 
       WATNA := M_REMAINING *(M_SALARY + SENIORITY) 
  if WATNA < 15 * (D_SALARY + SENIORITY) then 
     WATNA := 15 * (D_SALARY + SENIORITY) 
  BATNA := 45 * (D_SALARY + SENIORITY)  
  if BATNA < DAMAGE then 
     BATNA := +DAMAGE 
 
Considering the MLATNA, a slightly different approach is being followed. In fact, 
in order to determine the most likely outcome, the system needs to analyze past cases 
in a given context. In that sense, to determine the MLATNA, UMCourt follows a 
Case-based approach. In a few words, the most similar cases are selected and sorted 
according to their degree of similarity. The region of the MLATNA will be defined by 
the most similar cases as, in the legal domain, one may assume that similar cases have 
similar outcomes, pointing out where an outcome for a case with given characteristics 
is likely. 
As stated before, it is also important for parties to have access to past cases, so that 
they can analyze them and gain a better understanding about the domain of the 
problem. In that sense, the framework is able to present the litigant parties with cases 
that may be relevant, according to their degree of similarity. Besides that, for each 
selected case, the system also computes the utility of its outcome according to the 
characteristics of the current case, i.e., the users may acknowledge how much they 
would gain or lose if the outcome of their cases were the same. Indeed, similar cases 
may have different outcomes, depending on (in the case of Labor Law) attributes such 
as worker seniority, wage, and existence or not of extra hours of work not yet paid, 
among others. In order to be able to compute the utility of the solutions of other cases 
with respect to the new case, they are structured so that they may be applied to 
different cases in order to compute its outcomes.  
At the end, all this information is presented in a graphical form to the user. Figure 
1 depicts a prototype of this interface. Looking at this representation, the user is able 
to acknowledge the distance between the BATNA and the WATNA (allowing 
him/her to assess the risk of his/her decisions), to analyze the maximum and 
minimum utility and similarity values or analyze the similarity versus the utility [22]. 
 
 
Fig. 1. The prototype of the interface depicting the important knowledge compiled for a party. 
According to the complexity threshold slider, only a smaller number of cases (colored circles) 
are presented. The user can click on a case to see its details. The linear regression shows the 
MLATNA in green. Different colors represent different information clusters. 
4   Interpretation of Conflict Styles 
It is reasonable to state that in a negotiated process, the most significant factor is the 
behavior of the parties. In that sense, by knowing in advance how each party behaves, 
it is possible to draw the best strategy in order to increase the possibility of achieving 
a successful outcome. The behavior of the parties can essentially be determined in 
two different ways: by questioning the parties and by analyzing their behavior. The 
first provides information before the start of the process although it is easy to lie and 
fake a behavior. Moreover, when we are under stressful situations (as a negotiated 
process potentially is), we tend to behave differently than we usually do. The second 
one takes some time to gather enough information to be accurate although it reflects 
the behavior of the parties in a more reliable way.  
In this work, we focus on the interpretation of conflict styles during the negotiated 
process, by analyzing the behavior of the parties in real time. In that sense, we 
analyze the actions of the parties in each stage of the negotiation, in which a party 
may ignore, accept, refuse, exit, reply with a new proposal or reply with a 
counterproposal. Moreover, we also take into consideration the nature of the solutions 
proposed (e.g. is a party being too greedy?, is a party being realistic?). The approach 
proposed consists in analyzing these factors together with the BATNA and the 
WATNA of each party as well as the ZOPA, in order to classify the behavior of each 
party. 
Basically, during the negotiation process, parties make successive proposals and 
counterproposals in order to achieve a mutually agreeable solution. We can thus 
analyze the proposals of each party in each round according to the actions of the 
parties and a space defined by the BATNA and WATNA of each party (Figure 2). In 
each round, each action of a party will contribute to the overall characterization of this 
conflict style. Thus, the personal conflict style that is computed for each party in each 
round is a result of all the previous interactions. Two main scenarios are possible: the 
party ignores the proposal or the party answers to the proposal.  
If a party, upon receiving a proposal for a solution, simply ignores it, he is not 
satisfying his interests nor the ones of the other party. In such a scenario, the conflict 
style evidenced is the Avoiding one.  
If the party makes a proposal or a counterproposal, he is cooperating on the 
process. However, the nature of the proposal must be analyzed, namely in terms of its 
utility for each party. If the utility of the proposal is higher than the BATNA of the 
other party, he is clearly showing a Competing style as he is trying to maximize his 
own gain, probably in an unrealistically way, completely disregarding the other party. 
On the other hand, if the utility of the proposal is lower than the WATNA of the other 
party, he is neglecting his own gain or even maximizing the gain of the other party. In 
such a scenario, it is reasonable to state that the party is evidencing an 
Accommodating behavior.  
When the utility of the proposal falls within the range of the ZOPA, it indicates 
that the party is being reasonable and try to propose a settlement in which both parties 
will not win everything but will not lose everything either. In such a scenario, the 
conflict style is determined according to the distance to the meant point of the ZOPA, 
defined in (1). 
ߚ = ൬ܼܱܲܣெூே + ܼܱܲܣெ஺௑2 ൰																																																													(1) 
Two additional points can be defined that will allow to classify the remaining 
conflict styles. These points, depicted in (2) and (3), allow defining additional 
intervals to classify the personal conflict styles. 
ߙ = ൬ܼܱܲܣெூே + 	ߚ − ܼܱܲܣெூே 	2 ൰ = (ܼܱܲܣெூே + ߚ2 )																	(2) 
ߛ = ൬ܼܱܲܣெ஺௑ −	ܼܱܲܣெ஺௑ − ߚ2 ൰ = (ܼܱܲܣெ஺௑ + ߚ2 )																(3)   Namely, when the utility of a proposal falls within the range [ߙ, ߛ], it means that the proposing party is negotiating in an intermediary points of the ZOPA. That is, the party is trying to work out compromise that implies a loss from both parties. In such a scenario, it may be said that the party is evidencing a 
Compromising behavior.  
 
Fig. 2. The space that defines the personal conflict styles in function of the utility of the 
proposals and the values of the BATNA, BATNA and ZOPA. On the other hand, if the value of the utility belongs to the range defined by  [ܼܱܲܣெூே ,ߙ[	∪	]ߛ,ܼܱܲܣெ஺௑], the party is proposing a solution that is closer to the limits of the ZOPA. This may mean that although the party is trying to work out a mutually agreeable solution, he may be trying to explore the weaknesses of the opposing party trying to force him to accept a given solution. Under this scenario, the conflict style of the party may be defined as Collaborating. However, we are aware that we do not make use of a single conflict style at a time. In that sense, we propose a more accurate approach in which a main conflict style is inferred, together with a trend style, meaning that a party shows a given style with a possible tendency towards another one. The following notation is used to denote a main conflict style with a trend to a secondary one: 
ܯܽ݅݊→௦௘௖௢௡ௗ௔௥௬ . Let  ߮ be the value of the utility of a proposal. The following personal conflict styles are defined: 
 
ܥ݋݈݈ܾܽ݋ݎܽݐ݅݊݃→஺௖௖௢௠௢ௗ௔௧௜௡௚ 																																݂݅	߮ ∈ [ܼܱܲܣெூே , ௓ை௉஺ಾ಺ಿା	ఈଶ [  
ܥ݋݈݈ܾܽ݋ݎܽݐ݅݊݃→஼௢௠௣௥௢௠௜௦௜௡௚ 																															݂݅	߮ ∈ [௓ை௉஺ಾ಺ಿା	ఈଶ ,ߙ[  
ܥ݋݉݌ݎ݋݉݅ݏ݅݊݃→஼௢௟௟௔௕௢௥௔௧௜௡௚ି஺௖௖௢௠௢ௗ௔௧௜௡௚ 					݂݅	߮ ∈ [ߙ,ߚ[  	 
ܥ݋݉݌ݎ݋݉݅ݏ݅݊݃→஼௢௟௟௔௕௢௥௔௧௜௡௚ି஼௢௠௣௘௧௜௡௚ 											݂݅	߮ ∈ [ߚ, ߛ[    
ܥ݋݈݈ܾܽ݋ݎܽݐ݅݊݃→஼௢௠௣௥௢௠௜௦௜௡௚ 																															݂݅	߮ ∈ [ߛ, ௓ை௉஺ಾಲ೉ା	ఊଶ [  
ܥ݋݈݈ܾܽ݋ݎܽݐ݅݊݃→஼௢௟௟௔௕௢௥௔௧௜௡௚ି஼௢௠௣௘௧௜௡௚ 												݂݅	߮ ∈ [௓ை௉஺ಾಲ೉ା	ఊଶ ,ܼܱܲܣெ஺௑]   By determining the personal conflict style of each party in each round, it is possible to analyze its evolution throughout the conflict resolution process (Figure 3). This will allow the framework to determine the best moments to adapt strategies, as will be seen in the following section.  
  
Fig. 3. The evolution of the conflict style of a party during 10 rounds of the conflict resolution 
process. 
5   A Dynamic Conflict Resolution Model 
In line with the recent trend of Intelligent Environments in which computer systems 
gradually merge into the environment [3], we aim to develop dynamic conflict 
resolution methods to be used in the context of a proactive environment. In fact, 
conflict resolution methods that are run by human experts are generally dynamic as 
experts have the ability to understand changes in the context of interaction (e.g. a 
party is getting stressed, a party does not like the current state of affairs) and change 
the strategy before it is too late (e.g. by making a pause in the process). However, the 
problem is that under ODR settings, such context information is not available as 
parties are, generally, “hidden” behind a web interface while they are studying and 
making proposals for negotiation. This, we believe, is the main problem with current 
ODR platforms. In that sense, we aim at a new vision on the ODR issue, in line with 
the concept of Ambient Intelligence. Thus, in this new approach, parties are not 
simply interacting with web forms. Instead, parties use ODR tools in the context of an 
intelligent environment that can provide the conflict resolution platform with 
important context information like the level of stress, the conflict style or even the 
emotional state.  
With this information, the conflict resolution model can dynamically adjust to 
changes in the context of interaction. As an example, if the conflict resolution 
platform detects that one of the parties is getting stressed, it may temporarily pause 
the process or assume a mediator role in which all the communication goes through it 
and no direct communication between the parties takes place. When the party calms 
down, the platform may once again allow direct contact between the parties. 
However, given the scope of this paper, we are more interested on the role of 
personal conflict styles in these dynamic models. As said before, each person tends to 
use more some conflict styles than others, either because of their personality or of past 
experiences. Moreover, it is common for parties to change the conflict style during the 
conflict resolution process, according to how it is developing. As an example, it is 
common for a party to exhibit an avoiding behavior at the outset of the process and 
then start being more cooperative as confidence on the process grows. Moreover, it is 
also common for parties to start by being competitive and with high expectations and 
then, as the process develops and they gain a more realistic view that includes the 
desires and rights of the others, tend to be more compromising. Evidently the opposite 
may also happen, i.e., parties that start fully cooperative but that don’t like the way 
that the process is going and start moving towards a more uncooperative style. 
The work developed in this context focus on detecting this kind of changes in order 
to adapt strategies in real time. Basically this adds a new step to the conflict resolution 
model of UMCourt, making it a dynamic conflict resolution model (Figure 4). This 
model starts by building all the important knowledge mentioned before, which will be 
important for parties to develop realistic views about their problem. Then, the 
platform builds a strategy. In a first iteration, this consists in selecting a group of 
possible outcomes that will sequentially be suggested to the users. In order to build 
this first strategy, the platform only takes into consideration the group of similar cases 
that was selected. Then, the process advances to the actual conflict resolution, either 
by means of negotiation or mediation.  
During this phase, the platform constantly receives information from the 
environment concerning the personal conflict styles, determined as described above. 
Whenever the platform detects that a significant change is occurring, an adaptation in 
the strategy takes place. At this moment, adapting strategies consists in changing the 
list of outcomes to be proposed to the parties. In order to do it, one very important 
issue is taken into consideration: the utility of each outcome for each party. The utility 
of an outcome depicts, as stated before, how good each outcome is for a given party. 
Thus, the platform looks at the utility of the outcomes of the similar cases and 
changes the order by which outcomes will be proposed according to the state of the 
parties. Let us take as example a setting with two parties, in which one party is 
consistently exhibiting a collaborative behavior while the other is moving from a 
collaborative to an avoiding one. This may be indicative that the second party is not 
appreciating the way that the process is going. In that sense, in order to prevent that 
party from abandoning the process, the system will suggest an outcome whose utility 
is better for that party than the previous one. This is expected to increase the 
satisfaction of the party, maintaining him interested in continuing with the process 
and probably taking him back to a collaborative style. 
We are however aware that the information about the personal conflict styles alone 
is not enough. In that sense, our work now focuses on additional sources of 
information that the platform can use to adapt strategies. Namely, we are considering 
the use of information about the keystroke intensity of the parties in order to 
determine the level of stress as well as some linguistic features. Information about 
stress is very important, namely to assess the level of escalation of the parties, 
depicting when the process should be interrupted before emotions running high. We 
are also considering several ways of determining the emotional state of the parties as 
this information is of ultimate importance to determine how each issue affects each 
party. Namely, we are considering non-invasive methods that include image and 
speech analysis.  
With the combination of all this important information we will be able to develop 
context-aware conflict resolution models that take advantage of technological tools 
without however losing the richness of face-to-face interaction. This way, we expect 
to achieve more efficient conflict resolution mechanisms, able to achieve more 
mutually satisfactory outcomes. 
 
 
Fig. 4.High level view of the dynamic conflict resolution model presented. 
6   Conclusions 
Current approaches on Online Dispute Resolution are heavily based on technology, as 
it would be expected. However, this tends to leave aside some important advantages 
of traditional human-centered approaches. Specifically, the ability of human 
mediators to deal with context information such as the emotional state of the parties 
or their personal conflict resolution styles is completely disregarded. This results in 
conflict resolution platforms that are insensible, unable to perceive the fears and 
desires of the parties in conflict. In order to reach the so-called second generation 
ODR, we believe it is mandatory to consider not only all the important context 
information but also methods that can make use of it in order to more accurately 
understand the parties and achieve outcomes that are more satisfactory. 
In that sense we presented in this paper a methodology for determining the 
personal conflict styles of the parties, by analyzing their behavior during a negotiated 
or mediated conflict resolution process. All this is done in a non-intrusive way. 
Merging this with additional context information such as the levels of stress or even 
the emotional state, will allow the development of conflict resolution methods that are 
able to adapt, in real time, to significant changes in the context of interaction. This 
approach, in line with the vision of Ambient Intelligence, will bring significant 
advantages for the field of conflict resolution in the sense that it can empower cold 
and insensitive processes with context-aware abilities usually associated to human 
experts.  
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